To determine the current vitamin A status of a nationally representative sample of women aged 16-35 years, compare it with previous national data, and determine the impact of sociodemography, diet, and body size on vitamin A status, we performed secondary analysis of data on South African women who participated in the first South African National Health and Nutrition Examination Survey (SANHANES-1). Vitamin A status was assessed by serum retinol, and the findings are reported as means and prevalences with corresponding 95% confidence intervals. Overall, the age-standardized vitamin A deficiency prevalence was 11.7%, a decrease from previous national data, but serum retinol levels remained lower than in other developing countries. Overall, unweighted, multilevel, multivariate logistic regression showed that vitamin A deficiency was influenced by race only (odds ratio (OR) = 1.89, P = 0.031), while weighted multiple logistic regression for 16-to 18-year-olds showed that vitamin A deficiency was influenced by locality (OR = 9.83, P = 0.005) and household income (intermediate (OR = 0.2, P = 0.022) and upper (OR = 0.25, P = 0.049)). Despite the decreased prevalence, vitamin A deficiency remains a moderate public health problem in the country. Opportunities for targeted interventions have been identified.
Introduction
Vitamin A is an essential nutrient that can only be obtained through dietary intake. Foods high in vitamin A include liver, milk, cheese, eggs, green leafy vegetables, and orange/yellow vegetables and fruits or food products fortified with vitamin A. A habitually inadequate dietary intake or impaired absorption results in vitamin A deficiency (VAD). 1, 2 VAD is one of the leading nutrition-associated public health problems affecting the health and survival of children aged 0-5 years and pregnant/lactating women in low-income countries, specifically in communities where poverty, unemployment, and civil unrest are rife. 3, 4 Strong evidence suggests that VAD is less common in nonpregnant women, since they are capable of storing up to 1 year's supply of vitamin A in their liver. 5 Hence, the majority of studies on vitamin A status tend to focus on children and pregnant women.
Among others, the markers used for estimating VAD globally by the World Health Organization (WHO) in 2009 were night blindness and a serum retinol concentration of less than 0.70 mol/L. The WHO estimated that the overall prevalence of night blindness in women and children at risk of VAD was 7.8% (9.8 million) and 0.9% (5.2 million), respectively, while the prevalence of low serum retinol was 15.3% in pregnant women (19.1 million) and 33.3% in children under the age of 5 years (190 million). 3 The regions most affected by VAD were Africa and Southeast Asia. 3, 6 Children who resided in Africa experienced a higher prevalence of night blindness than children in Asia (2.0% (2.55 million) compared with 0.5% (1.01 million)), while children in Asia experienced a higher prevalence of low serum retinol (49.9% (91.5 million)) compared with those in Africa (44.4% (56.4 million)). 3 There doi: 10.1111/nyas.13504
appears to be an almost equal spread among pregnant women who experience night blindness in both regions (9.8% (3.02 million) in Africa and 9.9% (3.84 million) in Asia), while pregnant women in Asia are more likely to experience low serum retinol (17.3% (6.69 million)) compared with those in Africa (13.5% (4.18 million)). 3 Since serum retinol is homeostatically controlled, it is not necessarily an efficient marker of vitamin A intake or clinical VAD. 7 However, the percentage of individuals who have a serum retinol concentration below 0.70 mol/L within a given population provides significant insight into the severity of VAD as a public health problem. 8 On this basis, the WHO estimated that 88 countries had a moderateto-severe public health problem of VAD in pregnant women, and 102 countries met this criterion for VAD in children under 5 years of age in 2009. 3 However, there has been a considerable decrease in the global prevalence of VAD since the 1990s, such that VAD is no longer rated as one of the top 20 leading risk factors for mortality. 9 A modest reduction in VAD prevalence has also been observed in South Africa, and recent reviews 10, 11 associate this decrease with the initiatives implemented by the South African government since the early 2000s. Some of these initiatives include the Integrated Nutrition Programme (INP), 12 a comprehensive nutrition strategy that includes a national vitamin A supplementation (VAS) program for children 6 months-5 years of age and postpartum women. However, the efficacy of VAS in adults was questioned, as there was no evidence that VAS was beneficial in reducing maternal and infant morbidity and mortality. 13 It is therefore important to note that South Africa adopted the WHO recommendation and stopped VAS for postpartum women in 2011. 13, 14 Results from the ObaapaVitA trial in rural Ghana corroborated the evidence that low-dose VAS does not have a beneficial effect on reducing mortality in women of reproductive age. 15 Nevertheless, other important interventions that form part of the INP that have shown promise in reducing nutrient deficiencies in the country are the Food Fortification Programme (FFP), 16 a compulsory government initiative that mandates millers to fortify staple foods (such as the maize meal and flour) with essential nutrients including vitamin A, and the National School Nutrition Programme, 17 a state-funded nutritional program that delivers cooked breakfast or lunch consisting of a starch, a protein, and a vegetable to all quintile 1-3 primary schools nationally. After undertaking research on the burden of disease attributed to vitamin A in South Africa in the year 2000, Nojilana et al. supported the notion that the FFP will also contribute to the reduction in the morbidity and mortality associated with VAD in South Africa. 18 Aside from nutrition interventions, other government interventions, such as social grants (old-age pensions, disability grants, foster-care grants, caredependency grants, and child-support grants), have been shown to increase women's purchasing power as well as their access to food, thereby contributing to the reduction in food insecurity. 19 The number of beneficiaries receiving social grants has increased sixfold over a period of 20 years, from 2.7 million in 1994 to more than 16 million in 2014. 20 Despite this remarkable achievement, not all South Africans who qualify for these grants are able to access them and are therefore still food insecure. 21 There is also a growing body of knowledge that suggests that the coexistence of poor diets and infections is common in VAD populations. 3 Indeed, studies conducted in sub-Saharan Africa in the 1990s provided evidence that VAD is more prevalent among HIV and tuberculosis (TB) patients and HIV + mothers. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Furthermore, serum retinol is shown to be affected by several other factors, including retinol-binding protein (RBP) synthesis in the liver; nutritional status; the levels of other nutrients, such as zinc and iron; and body mass index (BMI). [34] [35] [36] Studies have also shown that an increase in parity and prolonged lactation increased the risk of VAD. 35 Parity also influences BMI status, 37 which in turn influences VAD. 38, 39 Kimmons et al. showed that premenopausal women who were overweight or obese were more likely to have micronutrient deficiencies, including VAD. 36 Vitamin A status is influenced by dietary intakespecifically fruit and vegetable intake; however, this statement is not generalizable, as dietary intake is known to be associated with sociodemographic status. 40, 41 South Africa has one of the highest burdens of HIV/AIDS and TB, and as such those affected by these conditions are prone to micronutrient malnutrition as a result of malabsorption of micronutrients. 42 There is a dearth of data on the 4, 48, 49 The first national data on VAD for South Africa were provided by the South African Vitamin A Consultative Group (SAVACG) study in 1995, which estimated that 33.3% of children under 6 years of age had VAD. The 1999 National Food Consumption Survey (NFCS) indicated that on average 50% of children had a vitamin A intake of less than two-thirds of the recommended daily allowance. 48 The 2005 National Food Consumption Survey Fortification Baseline (NFCS-FB) provided the first national data on the prevalence of VAD (27.2%) in women of reproductive age (defined as women aged 16-35 years). 49 The results of the first South African National Health and Nutrition Examination Survey (SANHANES-1) 50 therefore provide more recent data on the prevalence of VAD in both children and nonpregnant women aged 16-35 years. The outcomes of this survey showed that VAD had decreased in children from 63.6% to 43.6% and in women from 27.2% to 13.3%. 49, 50 The aims of the present study therefore were to determine the current vitamin A status of a nationally representative sample of South African women aged 16-35 years, as documented by the SANHANES 1, and compare it to the data from the NFCS1999, NFCS 2005, and SAVACG surveys and from other developing countries. The secondary aim was to determine the impact of sociodemography, diet, and body size on the vitamin A status of women of different of age groups, especially those aged 16-18 years.
Methods

Study design and study population
The current study is based on data from 9952 South African women aged 15 years and older who participated in the SANHANES-1, a cross-sectional household survey conducted in 2012. 50 The SANHANES-1 obtained data through interviews, clinical examination, and collection of blood specimens from individuals of all ages living in occupied households identified in the survey. Individuals were excluded if they lived in educational institutions, old age homes, hospitals, or uniformed service barracks or were homeless. Data were weighted to represent age, ethnic diversity, and geographic location (in terms of rural and urban settings) based on the 2011 census. 51 Women between the ages of 16 and 35 years were targeted to provide blood specimens for vitamin A status determination, as per the SANHANES-1 inclusion criteria. Of the 9952 women who participated in the SANHANES-1, 4314 women were aged 16-35 years, of which 1205 had valid data on anthropometry and vitamin A. The current secondary analysis included 1205 nonpregnant women aged 16-35 years with valid data on vitamin A status on the basis of serum retinol.
Data collection
A previously validated questionnaire was used to elicit information on (1) sociodemographic characteristics (age, ethnicity, gender, socioeconomic status, marital status, and education level) and (2) dietary intake (using a qualitative food frequency questionnaire) on the basis of foods consumed during the 7 days before the survey. A fruit and vegetable score was calculated to measure fruit and vegetable consumption, based on four questions in the food frequency questionnaire: "During the past 7 days, did you eat (1) fresh fruit juice without added sugar, (2) fresh fruit (all fruit, excluding fruit juices and dried fruit), (3) dark green leafy or dark yellow vegetables and (4) other vegetables/salad e.g. cabbage, tomatoes, excluding potatoes." The frequency of consumption was indicated as (1) none, (2) every day, (3) 1-3 times last week, and (4) 4-6 times last week. If a participant selected option (2) or (4) on a specific question, a score of 2 was allocated; if a participant selected option (3), a score of 1 was allocated, and if a participant selected option (1), a score of 0 was allocated. A total score of 8 was possible. Scores of 0-2, 3-4, and 5-8 were indicative of low, moderate, and high fruit and vegetable consumption, respectively. Dietary diversity, on the other hand, was calculated as the number of food groups, of a total of nine groups, from which participants had consumed food the day before the study. 52 Each food group was only counted once. A score <4 indicated a low dietary diversity, while a score ࣙ4 indicated an acceptable dietary diversity.
Household food security was measured using the Community Childhood Hunger Identification Project index, which consists of eight questions that assess household food security. 53 Data on obstetric history, such as gravidity and parity, were not collected in the SANHANES-1.
Biological and anthropometric measurements
Blood specimens were collected by registered and trained nurses and aliquoted into the appropriate blood specimen collection tubes, mixed as necessary, and stored in cooler boxes (containing ice packs). Blood specimens for vitamin A determination were wrapped in aluminum foil before being stored in the cooler boxes. The cooler boxes were couriered daily to reach the laboratories for analysis within 24 h of blood specimen collection. South African National Accreditation System (SANAS)-accredited laboratories conducted the analysis of the blood specimens. In order to complete the analysis of the blood specimens within the required time frames, two service providers-Pathcare and Lancet laboratories-were appointed to analyze the blood specimens depending on their footprint in different areas in the country. Automated techniques, including Roche Modular, Immulite 2000, BioRad D10, and Abbot Architect, and high-performance liquid chromatography were used for biomarker analyses (serum retinol levels and C-reactive proteins (CRPs)). Vitamin A was determined by one national laboratory (also SANAS accredited), which was subcontracted by the two main contractor laboratories (Pathcare and Lancet). Deviations from the established internal and external quality control procedures had to be reported in accordance with the contractual agreement; however, no deviations were reported. Analytical quality control documentation, which was standard procedure in the two accredited and the single subcontracted laboratories, indicated that the coefficient of variation for the analyses ranged from 0.5% to 3.75%. Further methodological details are available. 50 VAD was defined by a serum retinol concentration of less than 0.70 mol/L, while vitamin A sufficiency was defined by a serum retinol concentration equal to or greater than 0.70 mol/L, as defined by the WHO. 7 Serum CRP level was used as a marker for inflammation, 54 being low, moderate, and high for levels less than 1.0 mg/L, between 1.0 and 3.0 mg/L, and above 3.0 mg/L, respectively. 55 
Anthropometric variables
Body weight and height of the eligible participants were measured using the techniques described by Lee and Nieman. 56 BMI was calculated for all participants as weight (in kilograms, measured using a Seca digital scale, Baseline Scales (Pty) Ltd., South Africa) divided by the square of height (in meters, measured using a Seca 264 Digital Stationary Stadiometer) and was presented as kg/m 2 . BMI for age (indicated as a percentile for women aged 16-18 years) 57 and BMI in kg/m 2 (for women aged 19-35 years) 58 cutoff points were used. For women aged 16-18 years, underweight, normal weight, overweight, and obesity were defined as BMI ˂ 5th, BMI = 5th-84.9th, BMI = 85th-94.9th, and BMI ࣙ95th percentiles, respectively. 57 For women aged 19-35 years, underweight, normal weight, overweight, and obesity were defined as BMI <18.5, BMI = 18.5-24.9, BMI = 25-29.9, and BMI ࣙ30 kg/ m 2 , respectively.
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Statistical analysis Data were weighted for age, ethnic diversity, and geographic location to represent the South African population as in the 2011 census. 51 All data entered were checked for errors and cleaned before undertaking the analysis. The secondary analysis was done using STATA version 11.0 (StataCorp, 2009) and Microsoft Excel. The "svy" methods were used to account for unequal sampling probabilities in order to benchmark (standardize) the sample to represent the South African census 2011 51 population estimates. Weighted data were analyzed using univariate, bivariate, and multilevel analysis techniques. Estimates (means and prevalence rates) were reported with their corresponding 95% confidence intervals (CIs). Differences in groups were considered significant if CIs did not overlap and if P values were <0.05. Odds ratios (OR) estimates were presented with CIs, and P values were used to confirm significant differences.
Ethical considerations
The Research Ethics Committee of the Human Sciences Research Council (HSRC) provided ethics approval for the SANHANES-1 (REF: REC6/16/11/11). Participation in the study was voluntary, and all participants signed consent and assent forms, as appropriate, after the study had been explained to them. All data and blood specimens collected from the participants were anonymized. Study identity numbers were used as identifiers of the data and specimens, with all personal information kept separate from the data. Only one primary investigator and the HSRC's chief statistician had access to these details. Permission to use the anonymized SANHANES-1 data was obtained from the principal investigator of SANHANES-1, and a nondisclosure agreement had to be signed. USD) ). The income groups were designed to reflect the minimum cost that an adult would require daily to procure a healthy diet. 59 The majority of women in this study were aged between 19 and 24 years old (34.6%), were black South Africans (85.0%), resided in urban formal areas (53.5%), never married/widowed/separated/divorced (74.7%), and had obtained a secondary education (grade 8-12) (83.7%). Furthermore, nearly two fifths (39.5%) of women were normal weight and only 6.3% were underweight, while 25.8% and 28.4% were overweight and obese, respectively. While two-fifths (40.6%) reported that they were food secure, more than a quarter (27.3%) and almost a third (32.1%) reported that they were at risk of hunger or experienced hunger, respectively.
Results
Characteristics of the participants
In terms of dietary behaviors, slightly more than half (53.0%) reported an adequate dietary diversity, while the majority reported that they did not eat foods that were high in vitamin A, including organ meat, eggs, yellow/orange fruit/vegetables, or other vegetables the day before the survey (83.2%, 74.2%, 76.7%, and 63.9%, respectively). However, 72.0% achieved a moderate-high fruit and vegetable intake score. Furthermore, 80.3%, 58.1%, and 67.1% indicated that they ate green leafy vegetables fewer than four times a week, consumed less than one cup of milk daily, and ate fats/oils the day before the survey, respectively.
Vitamin A status of the participants Overall, the mean serum retinol concentration for women in this study was 1.15 mol/L. Women in the youngest age group (16-18 years) had the lowest mean serum retinol concentration (1.10 mol/L), but there were no significant differences in mean values between age groups (Table 2) .
Of the 1205 women for whom valid data were available on vitamin A, 11.7% (age standardized) had a serum retinol concentration of less than 0.70 mol/L and therefore had VAD (Table 2) . Overall, only 1% (n = 12) had serum retinol concentrations <0.35 mol/L (data not shown). While no significant differences in vitamin A status were observed with regard to sociodemographic characteristics (Table 2) , there was a higher prevalence of VAD in women in the older age group (30-35 years) compared with women in the youngest age group (15.5% versus 8.4%); in black women compared with coloured women (12.7% versus 7.1%); in those residing in urban informal and rural informal areas compared with urban formal areas (15.3% and 15.2% versus 8.8%); in those who resided in households that reported lower incomes compared with higher incomes (15.6% versus 7.9%); those who had no education or achieved secondary education compared with those who achieved higher education (11.4% and 12.3% versus 4.6%), and those who were at risk of hunger compared with those who were food secure (13.9% versus 9.7%). Furthermore, women who were underweight had a higher prevalence of VAD (22.6%) compared with those who were normal weight (13.7%), overweight (11.5%), or obese (13.9%).
Similarly, no significant differences in vitamin A status were observed for the different aspects of dietary behavior listed in Table 2 . Nevertheless, women with a low dietary diversity score who did not consume eggs, yellow/orange fruit/vegetables, or other vegetables the day before the survey and consumed more than one cup of milk daily had a consistently higher prevalence of VAD (11.5%, 11.3%, 12.3%, 11.7%, and 13.2%, respectively) than their counterparts.
No meaningful comparisons could be made on the prevalence of VAD between adolescents and adult women by age (16-18 years, 19-24 years, and 25-35 years) owing to the small available sample size (n = 30, n = 46, and n = 62, respectively). In relation to BMI, Figure 1 shows that BMI increased with age and VAD increased with age in under-and normal-weight participants. However, in the 19-to 24-and 25-to 35-year-olds, VAD decreased with an increase in BMI, with the exception of obese 19-to 24-year-olds, who had the highest prevalence of VAD (23.2%).
Weighted bivariate logistic regression for all women aged 16-35 years (Table 3) indicated that women with an intermediate household income who consumed yellow/orange fruit/vegetables the previous day had a reduced likelihood of presenting with VAD (OR = 0.55 (95% CI = 0.30-1.00), P = 0.048 and OR = 0.51 (95% CI = 0.26-0.99), P < 0.046, respectively). Upon performing weighted multivariate logistic regression (Table 3 ), the only factor that remained significant was the household income: being in the upper income group reduced the likelihood of women presenting with VAD (OR = 0.31 (95% CI = 0.11-0.87), P = 0.027).
Unweighted multilevel bivariate logistic regression for all women aged 16-35 years (Table 3) showed that being a black South African, residing in informal settlements (either urban or rural), and . By unweighted multilevel multivariate logistic regression, the only factor that remained significant was race, where being black increased the likelihood of women presenting with VAD (OR = 1.89 (95% CI = 1.06-3.37), P = 0.031) compared with their non-black counterparts. Both weighted bivariate and multiple logistic regression (Table 4) showed no association between sociodemographic factors and VAD in the 19-to 24-year-olds and the 25-to 35-year-olds. However, in the 16-to 18-year-old group, locality and household income were the two sociodemographic factors associated with vitamin A status (Table 4) No items relating to dietary behavior were associated with VAD in any of the three age groups (data not shown).
While an in-depth exploration of the relationship between VAD, noncommunicable diseases (NCDs) (diabetes and hypertension), and communicable diseases (HIV and TB) was beyond the scope of this study, the association between VAD and CRP levels Factors associated with poor vitamin A status in women aged 16-35 years (SANHANES-1 2012 Notes: Variables with at least one category that was significant (P < 0.05) in the bivariate regression were included in the multivariable regression. All multivariable regression models controlled for age and race. Marital status and education status were not included in the regression models for 16-to 18-year-olds because there were small numbers of married women and women with completed high school or tertiary education. was explored, indicating that the prevalence of VAD was significantly higher for women with CRP >3 (20.1%) than for those with CRP 1-3 (7.1%) (P = 0.0009) and CRP <1 (6.7%) (P = 0.0003) (data not shown).
Discussion
Nearly a decade after the implementation of the VAS (2002) 14 and food fortification (2003) 16 programs in South Africa, the results of the SANHANES-1, conducted in 2012, indicate that the vitamin A status of women aged 16-35 years has indeed improved. 50 The prevalence of VAD in this group has more than halved in this time, from 27.2% in 2005 to 11.7% in the current study. 49 However, since these surveys differed in the nature of their design, with a resulting smaller sample size in the SANHANES-1 study, comparisons should be made with caution.
Despite the dramatic decrease in VAD prevalence in the country, it is disconcerting to note that nonpregnant South African women have the same mean retinol levels (1.15 mol/L) as pregnant women in Ghana and Nepal 60, 61 and lower mean serum retinol levels than nonpregnant women in Vietnam (1.49 mol/L), Ghana (1.54 mol/L), Brazil (1.61 mol/L), and Iran (2.38 mol/L). 60, [62] [63] [64] However, it should be borne in mind that the SANHANES-1 did not record parity and gravidity of the women, and as such the lower mean retinol concentrations in our sample could be attributed to the inclusion of postpartum women and women who have had one or more children. In this regard, in a study conducted in Ethiopia, Gebreselassie et al. 65 stated that multiparity increases the odds of having VAD by almost twofold (OR = 1.92 (95% CI = 1.02-3.64)). While we did not record parity in the current study, we did investigate VAD prevalence in different age groups (e.g., 16-18, 19-24, 25-29, and 30-35 years) and observed that, although the findings were not significant, VAD prevalence increased with age, with the highest prevalence being in older women (25-to 35-year-olds) in this study. This finding is corroborated by the findings of Gebreselassie et al., 65 which showed that the prevalence of VAD increased with age, with older women being twice as likely to have VAD than younger women. Furthermore, the fact that there is South African evidence for fertility and parity increasing with age is also supportive of the association. 66, 67 It is important to note that more than 50% of South Africans continue to experience a degree of food insecurity (28.3% are at risk of hunger and 26.0% are experiencing hunger) and are battling poverty. 49, 50, 68, 69 Substantiated South African evidence suggests that poverty is fueled by sociodemographic factors (that include economic freedom associated with household income, locality, and ethnicity). 21, 69 These factors render South Africans living in these households unable to access nutrient-dense food. The results of the current study have confirmed that these issues remain valid. In fact, some of the results suggest that women who reside in households reporting a higher household income and those who have a higher consumption of nutrient-dense (yellow and orange) fruit and vegetables are less likely to experience VAD, while those who are food insecure are twice as likely to present with VAD. Studies in South Africa 70 and the United States 71 have also shown that the cost of purchasing nutrient-dense food(s) can be high and, as such, people living in poorer households are more likely to purchase fewer of these nutrient-dense food(s) and thereby consume less. 70, 71 Nutrition education regarding purchasing and consumption of low-cost, nutrient-rich foods, such as liver and other organ meats and indigenous green leafy vegetables, should improve the micronutrient status of South Africans, as localized studies have shown that these foods are eaten commonly in poorer segments of South African society. 72 Hence, it was interesting to observe that more than 80% of women in the current study did not consume organ meats and consumed green leafy vegetables fewer than four times a week. By promoting a culture of producing food(s) at a household level instead of relying only on purchasing food(s), access to nutrient dense food(s) could be improved.
Subsistence farming was a common practice in South Africa, with an estimated 4 million people engaging in subsistence farming in 2009, a practice that may not be followed to the same extent currently because of the proliferation of supermarket chains and other food outlets in rural cities and towns. 73, 74 Rural households, therefore, may be relying on purchasing rather than producing their own food. 74 An earlier study by Aliber 75 documented that the use of subsistence farming as the main source of income and food had declined from 33% in the year 2000 to 6% in 2004. Aliber 75 also showed that the number of households in South Africa that used subsistence farming as a means of supplementing the food that they purchase has increased from 54% to 88%. In support of these findings, Tibesigwa and Visser, 76 using data from the National Income and Dynamics Survey, showed that 57.8% of households that engage in subsistence farming retained their produce (crops) for consumption. Furthermore, in female-headed households, this number increased to 71.7%. 76 Moreover, a larger proportion of households in urban areas (73.3%) retained crops for consumption than those in rural areas (55.3%). 76 With the results of the current study indicating that women who reside in informal areas (urban and rural) are more likely to present with VAD, with the likelihood being the highest in women aged 16-18 years, it is imperative to mobilize communities to adopt subsistence farming and/or communal food gardens in both rural and urban informal areas alike. The South African government can lead in this intervention program by facilitating access to land in these communities while promoting and supporting small farmers if they are to improve households' access to nutrient-dense and vitamin A-rich foods.
The majority of women residing in informal urban and rural communities in the current study were black South Africans who are economically disadvantaged and whose household income is supplemented by social grants, which is at times not sufficient to improve their purchasing power. It is therefore reasonable to suggest that black women could be the ideal population for a targeted intervention that promotes subsistence farming in informal urban and rural communities of South Africa. This intervention could be targeted at women early in their adolescent years as a means of introducing subsistence farming and as part of nutrition education in their school curriculum. Another important aspect of nutrition and health education is scaling up advocacy regarding the importance of the consumption of vitamin A-rich foods, such as eggs and yellow/orange fruit/vegetables.
The findings of the present analysis also indicate that South African women who are at the opposite ends of the BMI spectrum are the most vulnerable to VAD. In fact, when the relationship between VAD and BMI was investigated, varying trends across the three different age groups were observed. In this case, VAD prevalence seemed to be the highest in 16-to 24-year-old women who were obese, contrasting with the 25-to 35-year-old obese women in whom VAD was less frequent. In fact, VAD prevalence seemed to be highest in 25-to 35-year-old women who were underweight. This age-dependent increase in prevalence of VAD at either end of the BMI spectrum highlights the existence of micronutrient deficiencies in both under-and overnourished South African women. This corroborates findings from international studies, which showed the existence of micronutrient deficiencies, including VAD, in both underweight and obese participants. 36, 77, 78 Kimmons et al. 36 also showed that the serum micronutrient-BMI relationship is age dependent, in that overweight and obese premenopausal women (aged 19-64 years) are the most affected by VAD, with overweight older women less likely to have VAD. 36 While additional studies have been conducted to determine the association between VAD and obesity using RBP4 as a measure of VAD, the results obtained were inconclusive, with some studies reporting that RBP4 levels were positively associated with BMI, while others reported no association between RBP4 and BMI. [79] [80] [81] [82] A possible explanation for the differences between micronutrient status and BMI could be due to obese and overweight 16-to 18-year-old women's diets being nutrient poor and therefore suboptimal, as they are most likely deficient in fruits and vegetables, especially those rich in vitamin A. These assumptions are supported by Medin et al., 83 who showed that overweight and obese adolescent children in Baerum, Norway reported a lower vegetable intake and a corresponding lower concentration of plasma carotenoids. 83 The diet of older women, on the other hand, was more diverse and included nutrient-dense food. 84 Charlton et al. confirmed this by showing that obese adult Australian women had higher odds of consuming all foods, including fruits and vegetables, in larger amounts; hence, their dietary intakes reached the highest quartile for combined fruit and vegetable intake, thereby increasing the likelihood of consuming the recommended intake of five or more fruits and vegetables servings per day. 84 Underweight adult Australian women, on the other hand, consumed less food overall, including fruits and vegetables, and were less likely to meet the recommended targets. Moreover, Azagba and Sharaf 85 corroborated these findings by showing that the BMI of adults in Canada was negatively and significantly associated with fruit and vegetable consumption. 85 However, they cautioned that the relationship between BMI and fruit and vegetable intake was dependent on where the person was on the BMI spectrum. 85 They further suggested that this relationship was mediated by sociodemography, especially income and education levels. Income has been shown to be a strong predictor of VAD in the current analysis, as women belonging to the upper income group were less likely to present with VAD compared with those from the lower income groups, a relationship that was magnified in the women aged 16-18 years in the current study. As such, further research is needed to better understand the association between VAD, BMI, and fruit and vegetable intake. Concurrently, interventions to curb both macro-and micronutrient deficiencies in the country remain mandatory.
While there has been a reduction in the prevalence of VAD in women participating in the SANHANES-1, the mean retinol levels remain lower than those of women in other countries. Thus, despite the implementation of the VAS and food fortification programs, VAD still remains a moderate public health problem in South Africa, as the prevalence remains above 10%. Factors other than nutrient intake, such as inflammation, could be related to communicable diseases (including TB and HIV/AIDS) and NCDs and could be affecting the vitamin A status of South African women. This therefore calls for further studies to monitor the role played by inflammation, as shown by the trend of increasing VAD with an increase in CRP levels in South African women. This relationship between VAD and CRP has been documented in postpartum mothers in South Africa. 72 VAS is still an ongoing program for children aged 0-5 years, but VAS was stopped for postpartum women in 2011.
14 Alternative interventions for alleviating VAD as a public health problem in women of reproductive age should therefore be sought. Mason et al. 86 and the Development Bank of South Africa 87 suggest that policies aimed at the eradication of VAD should promote a more frequent intake of vitamin A, thereby targeting interventions on dietary diversity and evaluating/appraising the existing food fortification program. Furthermore, interventions aimed at eradicating food security by providing employment opportunities to enable economic freedom will improve access to vitamin Arich foods and should be a nonnegotiable item on the South African policy agenda in order to eradicate VAD in the country.
One of the limitations of this study was the small sample size, which was a result of the low response rate (29%) for blood specimen collection in the SANHANES-1, as well as the study design that required collection of questionnaire-based data and clinical data on people of all ages. However, this was accounted for when the data were weighted. Another limitation is that a clear comparison of the outcomes of the current study with other international studies was not possible, since SANHANES-1 defined women of reproductive age as those aged 16-35 years in order for data to be comparable to previous South African data (NFCS-FB), 49 and not 15-49 years as per the WHO definition. 88 The outcomes of the current study could nonetheless be used as a motivation to conduct similar nationally representative studies to better understand the presentation and the mechanisms involved in the pathophysiology of VAD. Moreover, investigating vitamin A status on the basis of serum retinol levels limited the outcomes of the current study, given that serum retinol is not necessarily an efficient marker of vitamin A intake or clinical VAD. 7 Therefore, undertaking additional research using other biological, functional, and histological indicators, as well as clinical signs, such as xerophthalmia, serum retinolbinding proteins, night blindness, and Bitot's spots, among others, would improve the evidence based on the prevalence of VAD in South African women and provide comparisons with existing data based on serum retinol. Finally, including indicators, such as VAS and parity, as some of the confounders of VAD in the target population could have strengthened the study's outcomes, given the evidence that VAD increases with an increase in parity.
In conclusion, most data on VAD are collected via maternal and child health studies, and there is strong evidence on the prevalence of VAD in children and pregnant women globally and regionally. However, there is a dearth of data on the prevalence of VAD in the general population of women aged 16-35 years. The strength of this study is thus that it adds to the body of knowledge on the prevalence of VAD in the general population of women aged 16-35 years, identifies opportunities for targeted interventions, and highlights the most opportune time for the implementation of interventions. Women are typically responsible for procuring and preparing foods in the household. By empowering women and educating women on healthy food choices, we will be able to address both the treatment and prevention of VAD. Proposed longer-term methods of addressing VAD include dietary diversification/modification by promoting the production (at large scales (agriculture) and small scales (home gardens)) and consumption of micronutrient-rich foods. Introduction of indigenous foods (such as yellow sweet potato and green leafy wild vegetables) could also be of great help in curbing VAD in the country. [89] [90] [91] [92] 
